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ABSTRACT

The reactions of the large kola weevil, Sophrorhinus quadricristatus to moisture in a humidity choic
chamber and temperature in a linear temperature gradient were studied. Both the male and female insect
showed a hygronegative response in all the pairs of humidities offered. The insects perceived and reacter
to humidity differences of 20070R.H. at the lower (10-30070R.H) and upper (60-80070R.H.) portions 0

the humidity scale. Dehydrated and.starved insects showed a hygropositive response and the intensity 01

reaction increased with the period of treatment. S. quadricristatus showed a preferred temperature range
of 27°C - 31.5°C. This range falls within the temperature ranges the insects are usually exposed toin the
field and storage.

INTRODUCTION

Sophrorhinus quadricristatus Faust is the largest in size and one of the most w
distributed and destructive kola weevils in tropical Africa. In fact, there are records c
presence in Natal, South Africa, in the British Museum (Natural History) (Hoffmann, 1
Daramola and Taylor, 1975). But in Nigeria, its distribution is restricted to the wetter pal
the kola belt from around Ile-Ife, Ondo, Benin to Bende, Nsukka and Ikom in the Cross R
State where the annual rainfall is between 1,500mm and 2,OOOmmand above (Daramola
Ivbijaro, 1975). Other weevil pests of kola nuts are Sophrorhinus ghanjaensis D.
T. .Sophrorhinus duvernoyi Rouzet and Balanogastris kalae (Desbr). Multiple infestation of
nuts occurs in the field and infestations ranging from 34 - 65070in harvested nuts to lOOOJ(
fallen pods that are picked from the floor of plantations have been reported in the Republic
Guinea, Sierra-Leone and Nigeria (Pujol. 1962; Daramola and Ivbijaro, 1975). Unlike the otl
Kola weevils which cannot penetrate the thick husk of kola pods, S. quadricristatus bores 1

husk with its powerful rostrum to infest the nuts. Thus, in addition to the direct damage done
the nuts, the latter are predisposed to infestation by other insects and pathogens through t
holes created.

I Formerly of the.Cocoa Research Institute of Nigeria, Gambari Experimental Station, P.M.B. 52l14,Ibadan, Nigeria
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The only available information in the literature on S. quadricristatus is on its taxonomy
(Hoffmann, 1960; Daramola and Taylor, 1975). This paper describes studies undertaken onthe
reactions of S. quadricristatus to humidities and temperature, and the results are discussed
in relation to its ecological distribution in the field and infestation during storage and
distribution of nuts to the different ecological zones in Nigeria and West Africa.

MATERIALS AND METHODS

1. Reaction to moisture (Relative Humidities)

Studies on humidity reactions were conducted inside humidity choice. chambers under a
laboratory temperature of 27°C - 29°C. The humidity choice chamber has been described
earlier by Daramola (1976). It consisted essentially of a flat bottom rectangular box (16 x 19 x
3.5cm) containing two dishes (2.0 x 1.5cm) for holding the graded solutions and a false floor
of fine wire mesh, 1.3cm from the top of the apparatus. The desired relative humidities were
obtained with graded aqueous solutions of sodium hydroxide (Madge, 1961). The various
relative humidities were checked with small pieces of cobalt thiocyanate paper placed on the
experimental floor of the chambers and matched against standard Lovibond comparator disc:
labelled with different humidity values (Solomon, 1951). The humidity values obtainedwere
very close to the desired humidities. The space between the false floor and sides of the
apparatus and the top of the apparatus were sealed with a thin strip of plasticine to prevent the
insects from escaping from the experimental chamber and also to make the apparatus air-tight.
Control experiments were carried out with distilled water and silica gel to create a saturated
atmosphere and a dry atmosphere close to 0070R.H. respectively in the chambers. The choice
chambers were set up two hours before each experiment was started.

The following experiments were conducted to determine the response and performance of S.
quadricristatus at various relative humidities.

(a) Effect of difference between alternative humidities.

The effect of differences between alternative humidities on the response of S. quadricristatu:
was studied by offering the insects the following alternative humidities: 10 - 30%; 60 - 80%; 5(
-80070and 10 - 50% in five replicates of each sex and for each set of alternative humidities. Foi
the experiment, ten insects were introduced into the experimental chamber of the humiditj
choice apparatus through the central hole in the perspex top and then sealed with a cover slip or
which vaseline grease had been smeared. Records were made of the distribution of insects ir
both halves of the chamber at 15 minutes interval for 2 Y2 hours. The apparatus was rotatec
through 180° after every two readings to avoid the directional effect. The insects wen
redistributed after each reading by tapping the perspex top of the apparatus. The humiditj
gradient was destroyed at the end of each experiment and a new one re-established for anothe
batch of insects.

(b) Effect of the position of humidities along the humidity gradient.

The response of S. quadricristatus to similar alternative humidities at different position
along the humidity gradient was also studied by offering the insects the following alternativ
humidities: 0 - 40%; 30 - 70%; 40 - 80% and 60 - 100%. There were five replicates of each se:
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and for each set of alternative humidities. The same experimental procedure as described above
was followed in obtaining the data.

(c) Effect of dehydration and starvation on humidity response.

The combined effects' of dehydration and starvation on the humidity response of S.
quadricristatus were studied by dehydrating the insects over anhydrous calcium chloride
(CaCI2) at a relative humidity of approximately 0070inside desiccators for 24 and 48 hours
without food and later offered a humidity choice of 60 - 100% R.H. Insects of different sexes
were held separately in batches of fifteen inside disposable petridishes (8.5 x 1.5cm). The
dishes were perforated in many places to facilitate free circulation of air and then placed on 8

false floor of wire gauze over the calcium chloride for 24 or 48 hours. At the end of each peri or
of dehydration, ten 'insects of the same sex were introduced into the chamber and the number
of insects on both halves of the chamber were recorded every 15 minutes for 2Y2hours. Ther
were five replicates of each set of experiment.
The index of humidity reaction was calculated from the formula: 100 (D - W)/N (Bentley

1944) where D is the sum of position records on the dry half; W is the sum of records on the we
half; and N is the total number of observations made in the chamber. A positive value for the
index indicated clustering on the dry side and a negative value indicated clustering on the wet
side while zero values indicated equal numbers on both sides.
Insects used for the experiment were obtained from cultures of field-infested kola nuts kept

in an insectary at a temperature of 28° - 30°C. When required for experiments, insects were
removed from the cultures 24 hours before use and kept in the laboratory at a temperature of
26° -28°C. Inse.cts were supplied with kola nuts for feeding and water on moist pads of cotton
wool. Insects used for the experiments were one to two weeks old.

2. Reactions to temperature.

The reaction of S. quadricristatus to temperature was studied in a linear temperature gradient
apparatus earlier described by Daramola (1978a). The apparatus was 74cm long, 14.8cm wide
and the walls were. 2.4cm thick. It had a copper box 1O.2cm square and 1O.2cm deep on each
side. The gradient chamber had a copper bar, 58.5cm long projecting into the copper box on
either side and its wall was made of a 1 em thick insulating polystyrene sheet. The experimental
chamber itself was 43.5 x 4 x 2.9cm and above it was an air column, 3.2cm high formed by
the lid-of the chamber along its length. The chamber was divided into ten equal sectors, each 5.2
x 4.5cm with one hole in each sector-through which short thermometers used. for recording the
temperature of the floor of the chamber were inserted.
The temperature gradient was created by heating water to a temperature of 44°C in the

copper box at one end using an electric imersion heater and by maintaining a temperature of
22°C in the copper box at the other end using ice cubes and water. This gave a temperature
range of 39° - 24°C along the chamber. The 'cold' end was maintained at 24°C because the
results oJ a preliminary experiment in which the cold end was kept at 22°C showed heavy
clustering at the cold end which was probably due to cold effects. Fluon was painted on to the
inner walls of the chamber to restrict the movements of the insects to the floor of the chamber
(Youdeowei, 1968). It was, therefore, assumed that insects reacted to the temperature of the
experimental chamber.
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A damp strip of filter paper was placed on the copper floor of the chamber to maintain a
relatively saturated atmosphere in order to reduce the effect of gradients of relative humidity
and evaporation on the temperature reaction of the insects. At the beginning of each
experiment and at intervals of 30 minutes, the floor temperatures were taken with 'the
thermometer bulbs touching the filter paper lining and the 'air' temperatures with the bulbs
about 0.5cm above the floor. These showed the temperatures to which' the whole body surface
of the insects was exposed.

The insects used for the experiments were obtained from the same source and were 'of the
same age as those used for the humidity experiments. For the experiment, a batch of ten insects
of the same sex were introduced into the experimental chamber through a central hole on the lid
which was later sealed with a rubber stopper on which vaseline had been smeared to make it
airtight. The numbers of insects in each sector were recorded at an interval of 15 minutes for
2 V2 hours and the insects were re-distributed by tapping the apparatus, There were five
replicates each for the male and female insects.

The control experiment was carried out on male insects alone under a temperature of 27.5 "C.

RESULTS

1
L Reactions to Moisture

The numbers of insects on the line between the dry and moist sides in the humidity choice
chambers were not included in the calculations of the results. Points above the midlines in the
figures indicate a hygronegative response while points below the lines indicate a hygropositive
response. A clustering of points around the middle indicates an even distribution on both the
dry and moist ends.

(a) Differences between alternative humidities.

The response of S, quadricristatus to differences between pairs of relative humidities in
humidity choice chambers is shown in Figure 1. The male and female insects showed a
hygronegative response and also reacted to a humidity difference of 20010 both at the lower (10
-30% R.H.) and upper (60 - 80%) R.H) portions of the humidity scale. Although the pattern of
reaction of both sexes appeared to be the same, there were great differences between the
intensities of reaction to different pairs of humidities (Fig. 3A). The highest intensity of
reaction (I.R. = 36.3) was recorded for a humidity difference of 30070(50 - 80% R.B.) and not
for 40070 (10 - 50% R.H.). This is probably because the insects are not normally exposed to
humidities as low as 10% either in the field or in the store. However, the response of the male
insects appeared to.be more consistent than that of the female which was erratic especially at 50
- 80% R.H. (Fig. 3). There were fluctuations in the distribution of the insects towards the
hygropositive end with time in all the pairs of alternative humidities.

(b) Effect of the position of alternatives along the humidity gradien t.

The response of the male and female insects to the same alternatives at different positions on
the scale are shown in Figure 2. Both sexes showed a hygronegative response at the lower (0
-40070 R.H.) middle (30 - 70%; 40 - 80% R.H.) and upper (60 - 100070R.H.) positions on the
humidity scale. The pattern of behaviour of the insects was the same but there were differences
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in the intensities of reaction. The-males showed higher intensities of reaction at 0- 40010R.H.
and 40 - 80% R.H. while the females showed a higher intensity of reaction at 60 - 100% R.H.,
but the intensity of reaction of both sexes was almost the same at 30 - 70~0 R.H. (Fig. 3B). At
the lower end of the humidity gradient, the hygronegative response of the insects became
weakened with time. This is due to more frequent movements of the insects to the most end of
the chambers. But at the upper end of the 'gradient, the hygronegative response of the insects
increased with time. This is due to the avoidance of the moist end of the chambers.

The distributions of the insects in the 'control chambers of 0 - 0% and 100 - 100% R.H. are
summarised in Table 1. A chisquare analysis of the records (X2 = 0.08; p < 0.05 for 100
-100% R.H. and (X2 = 0.10; P < 0.05) for 0 - O%R.H. did not show a significant difference
between the numbers of insects. recorded on either side ofthe chambers.

(c) Effects of dehydration and starvation on humidity response

The combined effects of dehydration and starvation on the humidity response of the male
and female insects areshown in Fig. 5. The records-of distribution and intensities of reactions
of the male and female insects dehydrated and starved for 24 and 48 hours in the 60 - 1000/0
R.H. choice chambers are given in Table 2. Both sexes showed a hygropositive response and the
intensity increased generally with length of dehydration and starvation period. Female insects
showed a weaker hygropositive response when dehydrated and starved for 24 hours but the
response was stronger compared with males when treated for 48 hours. This was the reverse of
the results obtained when normal insects were offered a choice of 60 - 100% R.H.

2. Reactions to temperature.

The floor, air and mean temperatures in the experimental chamber are given in Table 3. The
mean temperatures in the various sectors were regarded as the temperature.of' reaction. The
frequency distributions of the male and female insects showed a bimodal distribution (Fig. 6).
The pattern of distribution was similar in both sexes but the females were more consistent. The
first peak in both cases occurred at about the middle of the gradient and over a temperature
range of 27° - 31.5°C. Fifty-five and 47010of the female and male insects were recorded in this
zone respectively. The second peak occurred at the cold end.

Observations on the behaviour of the insects inside the experimental chamber through the
perspex top showed that the insects were more active in the warm zone (21 - 31°C) but on
approaching the hot end (39°C), they quickly turned back to the cooler zone. The insects moved
very slowly at the cold region and each time they escaped from the zone of 26° to 24°C in
particular, they appeared trapped. This is most probably partly responsible for the mass
aggregation at the cold end.
The percentage frequency distribution of the insects in a control chamber of 27.5°C showed

aggregation at both ends (Fig. 6). There was no significant difference between the numbers of
insects recorded at either end (t = 0.06; P > 0.05).
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Reactions ojSophrorhinus to moisture and temperature ,Table 1: The distribution oj adult S. quadricristatus in control humidity chambers

Alternative .r

R.H. (070) Replicates Observed Distribution X2 P

2
0-0 I 49 50 0.01 NS

2 50 48 0.04 NS
3 55 50 0.96 NS
4 51 46 1.04 NS
5 53 59 1.28 NS

100 - 100 39 45 1.75 NS
2 38 33 1.40 NS
3 31 48 14.64 0.001
4 46 44 0.16 NS
5 36 39 0.48 NS

Table 2: Effects of dehydration and starvation on humidity reaction oj S. quadricristatus

Period of dehydration Relative Humidity (070) I.R. X2 P

(a) Female 60 100
24 hours 136 158 -7.48 6.3 o.os
48 " 68 312 -64.2 156.6 0.001

(b) Male
24 hours 136 190 -16.5 8.9 0.01
48 " 70 297 -61.8 140.4 0.001

Table 3: Floor, air and temperature of reaction (Mean) DC in the experimental chamber oj the
linear temperature gradient apparatus.

Sectors in experimental chamber

2 3 4 5 6 7 8 9 io

Floor 39 36 33 32 30 28 27 26 25 24
Air 38 35 33 31 29 28 27 25 25 24
I'cmperat ure
1.)1' reaction

(\ lean) 38.S 35.5 33 31.5 29.5 28 27 26 25
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DISCUSSION

The hygronegative response of S. quadricristatus to the various' pairs of relative humidities
did not conform with the ecological distribution of the weevil in the field as earlier reported by
Daramola and Ivbijaro (1975). It is, however, probably an indication of some of its adaptive
characters as a field-to-store pest of kola nuts. Both the male and female insects perceived and
reacted to humidity differences of 20 and 30 percent, but the insects are not likely to experience
such low humidities during storage and distribution especially in the Savanna and Sahelian
zones because the nuts are stored in baskets and hessian bags lined with fresh leaves of Dorax
sp. or banana in order to maintain a reasonable level of moisture in the nuts.

Although S. quadricristatus showed a definite preference for the drier of the alternative
humidities offered, the intensity of reaction did not follow a direct increase in differences
between the pairs of humidities. Rather, it varied with the position of the alternatives on the
humidity gradient. The intensity of reaction of the male insects at pairs of 10 - 30% and 60
-80% R.H. was almost the same (I.R. = 23.18) but an intensity of reaction of 10.34 was
recorded at 10 - 50070R.H. The behaviour of the female insects was generally erratic especially
at 50 -80070 and 60 - 80070R.H. and this is probably because the relative humidity in the field
usually falls within this range. Toye (1970) observed a similar behaviour in the fish beetle,
Dermestes maeulatus Deg. to 40 - 60070 R.H. which the insects normally experience in nature.
Madge (1965) did not observe marked reaction in Dysdercus fasciatus Sign. at intermediate
relative humidities of between 30 and 70070. The differences observed in the intensity of
reaction of both sexes to pairs of relative humidities has been observed in other stored product
pests. Arbogast and Carthon (1972) and Daramola (1976) reported 'Sexual differences in the
response of Oryzaephilus surinamensis (L.) and Sophrorhinus gbanjaensis respectively when
offered similar pairs of relative humidities.

The hygropositive tendency of S. quadricristatus towards the end of each experiment and
particularly at the lower ends of the humidity gradient is probably due to dehydration and an
attempt to make up for water loss. The strong hygropositive response of dehydrated and
.tarved insects which increased with the length of treatment (Table 2) seems to confirm the
ibove suggestion. Bentley (1944), Dodds and Ewer (1952) and Daramola (1976) reported a
imilar behaviour for desiccated individuals of Ptinus tectus Boie, Tenebrio molitor L. and S.
banjaensis.
The hygronegative response by the normal insects appears to be of some adaptive significance
pecially during the distribution and marketing of the nuts in the northern part of Nigeria
tween November and February when the insects are exposed to the drying effects of the
.armattan' ,
[he preferred'ternperature range of S. quadricristatus is 27° - 31.5°e and it falls within the
abient temperature range of 25° - 33°e that normally exists in its area of distribution
)aramola, 1978b). Temperature measurements in baskets of kola nuts stored in the traditional
fay (in leaves) ranged from 33°-29.5°e in the first three weeks to 28° 27°e after four to eight
veeks of storage. Thus, adults of S. quadricristatus are unlikely to experience a temperature
.iigher than 33°C since they would be mostly in the larval form during this period. Observations
showed that the few adults that emerged in this early period always moved up to the surface of
the baskets, apparently to avoid the high temperature inside the bulk of the kola nuts.

The preferred temperature range of 27° - 31.5°C recorded for S. quadricristatus is narrow
compared with some storage and field pests. Deal (1941) reported a preferred temperature
range of 15° - 32°C for the' tobacco beetle, Lasioderma serricone F., and 14° - 25°C for the
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grain weevil, Sitophilus granarius L.; Madge (1965) and Youdeowei (1968) recorded a range f

22.6° - 33.7°C and 19.3° - 31.6°C for the adults and larvae of Dysdercus jasciatusSign. aJ
Dysdereus intermedius Dist. respectively. Similar narrow temperature ranges have also be
obtained for some field and storage pests. Deal (1941) obtained a temperature range of;
-30°C for the flour beetle, Tribolium confusum du V. while Chapmann (1955), 1965) recor
a preferred temperature range of 30° - 35°C and 34° ~ 35°C for Locusta migrat
migratorioides R. & F. and Schistocerca gregaria Forskal respectively.

Daramola (1978a) obtained a preferred temperature range of 21.50 - ,30oe for another
weevil, S. gbanjaensis. The greater temperature range recorded for 'Scgbanjaensis is pro'
due to its wider ecological distribution. The narrow temperature range of S. quadricri
could be explained on the basis of its restricted distribution in the field. However, the' pre
temperature ranges of the two kola weevils fell within the temperature ranges they are 1

exposed to in the field and storage.
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